1. Introduction {#s0005}
===============

Bioinformatics and genome science (BGS) are relatively new disciplines, gaining importance across the biomedical research, healthcare and agriculture sectors due to their importance in helping to improve the timeliness and accuracy of disease diagnosis, prognosis and treatment, as well as enhancing crop yield ([@bb0110], [@bb0125], [@bb0195]). While scientifically-advanced countries in North America and Europe have been major leaders in BGS, many developing countries (including some African countries) have made important achievements in applying genomics technologies to enhance biomedical research, healthcare and agriculture ([@bb0110], [@bb0130]). Since the mid-1990s, many African countries have been employing tools and techniques in BGS to help advance scientific research ([@bb0015], [@bb0035], [@bb0070], [@bb0100], [@bb0120], [@bb0145]). BGS research groups have been constituted and studies employing these approaches have been conducted and published by African scientists, helping to improve our understanding of the biological basis of health and disease among humans and non-human species ([@bb0015], [@bb0035], [@bb0055], [@bb0070], [@bb0110]). Importantly, scientists in Africa have been applying BGS techniques to address some of the continent\'s most debilitating challenges, including those of food insecurity, unsustainable agricultural practices and the high disease burden ([@bb0035], [@bb0070], [@bb0110]). For example, some African scientists and their collaborators recently employed genomics technologies to sequence the genome of the tsetsefly, the vector for Human African trypanosomiasis --- a devastating tropical disease ([@bb0060]). Also, African researchers were instrumental in the epidemiological characterisation of the Ebola virus disease (EVD) (through whole-genome sequencing) during the recent outbreak in West Africa ([@bb0050]). A major progress in agricultural genomics in Africa was the sequencing of the sorghum genome in 2009 and the recent sequencing of the genomes of forty-four sorghum lines, which demonstrated that genomics diversity and historical domestication differences existed between the lines studied ([@bb0105], [@bb0155]). Sorghum is a nutrient-rich African crop, with a promise to help improve food security and reduce malnutrition and poverty on the continent ([@bb0095]). Being the first indigenous crop in Africa to have had its genome completely sequenced, the findings from these studies provide a vital resource for genetic improvement of sorghum and other cereal crops to enhance crop yield, agricultural productivity and food security ([@bb0095]). The foregoing examples show that the importance of BGS is becoming widespread and almost indispensable to advancing biological research in Africa.

2. BGS in Africa appear to be concentrated in a few institutions {#s0010}
================================================================

The progress made in BGS in Africa can be attributed to investments made in building the physical and intellectual capacity to promote the disciplines ([@bb0005], [@bb0035], [@bb0055], [@bb0070]). Notable among these are the recent capacity-building efforts of the Human Heredity and Health in Africa (H3Africa) Consortium, the H3ABioNet continent-wide bioinformatics network and The World Bank ([Table 1](#t0005){ref-type="table"}); these programmes have been discussed elsewhere ([@bb0005], [@bb0015], [@bb0040], [@bb0070]). In Africa, many of the BGS capacity-building efforts till date have focussed on strengthening the scientific capacity in leading universities and research institutes ([@bb0015], [@bb0055], [@bb0070]). For example, since its establishment in 1996, the South African National Bioinformatics Network, the first BGS-related scientific network in Africa, established regional nodes (centres of excellence) at leading institutions to develop BGS activities in the country ([@bb0015], [@bb0120]). More recently, H3ABioNet established nodes mostly at African institutions with BGS capacities to influence the development of the field ([@bb0015], [@bb0055]). According to data from Webometrics (<http://www.webometrics.info>), a leading academic ranking initiative, most of these nodes are located at highly-ranked institutions (in their respective countries). Rightly, locating nodes at leading institutions provides opportunities for intra- and inter-institutional partnerships aimed at propagating BGS activities. However, while this may be an excellent approach to facilitate the expansion of the disciplines, it seems that activities of this nature mostly favour scientists who have been previously exposed to BGS, leaving behind those who may have no appreciation of these areas yet. For instance, although the H3ABioNet nodes and other scientific organisations do organise training programmes for African scientists ([@bb0015], [@bb0070]), these programmes often require applicants to have some level of basic or intermediate understanding in specific topics, a requirement that naturally favours applicants from institutions where BGS activities can be found. Although foundation courses are also sometimes offered, only a limited number of applicants can be accepted onto such courses. Furthermore, the existing BGS courses are often held in the cities, which is a disadvantage to scientists based at rural institutions due to transportation problems and general lack of funding.

Consequently, BGS research output on the continent is dominated by, and is almost limited to, institutions with existing capacities. For example, BGS-related publications in Ghana over the past decade have been produced by scientists affiliated to a few research and higher education institutions (RHEIs); these institutions are mostly highly-ranked ([@bb0070]). The situation is not different in Nigeria where only twenty research groups working on BGS-related themes have been identified, mostly in the country\'s best ranked institutions ([@bb0035]). While BGS are relatively new research areas in Africa, strategies should be devised to ensure that their introduction becomes more equitable and not skewed to only a few institutions, in order to prevent future imbalances.

3. Why should participation in BGS be widened? {#s0015}
==============================================

For a more effective BGS development in Africa, special attention should be paid to widening participation to include yet-unreached institutions especially those in rural areas with peculiar challenges ([@bb0070]). Scientists based in rural RHEIs are strategically positioned to help advance BGS applications in Africa. This is because the use of BGS on the continent has focused mainly on research in biomedical science and agriculture, which are areas of prime importance and challenge to rural communities ([@bb0035], [@bb0070]). While the agricultural industry is concentrated in rural Africa, many healthcare challenges (including neglected tropical diseases and malaria) are also acute in rural areas, making them an important focus for genomics research and bioinformatics applications. With regard to this, the recent EVD outbreak started from a rural community in Guinea, but due to the poor nature of rural healthcare and research systems, ended up spreading and killing several people in West Africa and even affected others in Europe and North America (imported cases) ([@bb0020]). This is a clear example supporting the opinion that the widening gap between rural scientists and their counterparts elsewhere must be addressed.

Favourable conditions for BGS activities have been improving in Africa ([@bb0015], [@bb0070], [@bb0145]). BGS have been recognised as effective routes for bringing modern science to many areas of Africa mainly due to the following reasons: (i) the relatively less expensive infrastructural and training requirements compared to similar activities conducted in wet laboratory-intensive disciplines (ii) increasing Internet speed and penetration rates (iii) increasing affordability of genome sequencing and other high-throughput technologies, and (iv) improved access to BGS-related public databases and open source software, ensuring the efficient use of scarce funding opportunities ([@bb0015], [@bb0070], [@bb0145]).

Empowering rural institutions for BGS research would have many potential advantages such as helping to improve (i) disease diagnosis, characterisation and treatment (ii) swift responses to public health emergencies (iii) studies into neglected tropical diseases (iv) food security through the use of genomics tools to increase crop yield, and (v) biology and health education ([@bb0070], [@bb0195]). BGS approaches such as genome-wide association studies and next generation sequencing (NGS) have been used in clinical applications such as cancer treatment selection based on molecular tumour characterisation ([@bb0150]) and real-time monitoring of infectious disease outbreaks ([@bb0010]). In the area of infectious diseases, genome sequencing approaches have been instrumental to control outbreaks in tuberculosis, severe acute respiratory syndrome (SARS), cholera, H1N1 influenza, methicillin-resistant *Staphylococcus aureus* (MERS), carbapenem-resistant *Klebsiella pneumoniae* and EVD ([@bb0010], [@bb0025], [@bb0045], [@bb0050], [@bb0115], [@bb0150], [@bb0170], [@bb0175]). For instance, sequencing of the genome of microorganism isolates from affected patients enabled scientists to identify the coronavirus causative agent in the 2003 SARS outbreak ([@bb0115]). Also, the fact that the genomes of disease-causing microorganisms can be sequenced within a short timeframe makes sequencing technologies important tools in clinical disease surveillance and control ([@bb0125]). An example is the recent application of whole genome sequencing to identify and analyse the source of MERS infection in an American football team ([@bb0010]). This timely use of NGS tools helped to avoid a large-scale disease outbreak.

Presently, the demand for BGS workforce in Africa outstrips the supply; this shortage suggests that expanding training partnerships could be a good means of addressing the deficit ([@bb0070], [@bb0145]). In fact, the scientific workforce, such as healthcare professionals, are willing to improve their use and application of computer-based technologies, should the needed training and support be provided ([@bb0165], [@bb0180]). In the section that follow, we will discuss suggested ways for expanding BGS activities in Africa.

4. Suggested approaches for expanding BGS research in Africa {#s0020}
============================================================

First, scientific societies should organise more outreach programmes specifically to train scientists in rural RHEIs in BGS. Initially, these programmes should focus on providing foundational tuition to trainees without any background in BGS, and later move on to intermediate and advanced levels. This would ensure that the needs of both scientists who would like to obtain expert training in BGS and those seeking to familarise themselves with specific skills and knowledge that are pertinent to their research activities would be attended to. Preferably, the training activities should be brought to the doorstep of the beneficiaries to ensure maximum patronage. Training could focus on experimental genomics as well as how to analyse genomics and related data using bioinformatics tools (especially using open source tools). These activities would have many potential benefits such as empowering trainee scientists to employ BGS tools and techniques to study human, plant and animal health and disease, and analyse research data from these areas. Since scientists at rural institutions are in proximity to rural residents, training them would also help to ensure that rural indigenous knowledge (RIK) is better applied in BGS research activities and is also better catered for in the development of ethical, legal and social implications (ELSI) guidelines for BGS research ([@bb0195]). Without adequate understanding of RIK and cooperation of the key community leaders, the effective application of BGS in Africa will be challenging ([@bb0135]). In addition, BGS training can influence student training by ensuring that more students in rural RHEIs benefit from the introduction of BGS modules and degree programmes ([@bb0075]). Presently, only a handful of institutions in a few African countries do provide bioinformatics degree courses, with only a few others offering bioinformatics modules as part of life science degree programmes ([@bb0015], [@bb0035], [@bb0070]). Improving the provision of BGS training in African universities would be an important step in widening participation in the disciplines ([@bb0070]). Although the H3ABioNet is leading efforts to expand and harmonise BGS training (such as through the establishment of a bioinformatics education committee and the provision of outreach programmes), more stakeholders should get involved ([@bb0015], [@bb0070]).

Second, training programmes could be organised for rural health workers to help them apply BGS approaches to improve the diagnosis, characterisation and treatment of common diseases such as infectious, non-communicable and neglected tropical diseases ([@bb0080]). The reduced cost of genome sequencing technologies provides an opportunity for more health institutions in Africa to get involved in genomics research ([@bb0070]). Healthcare in rural Africa is poor, and the integration of genomics and bioinformatics technologies can help to improve disease diagnosis and treatment outcomes ([@bb0030], [@bb0080]). Previous attempts at integrating indigenous and orthodox healthcare systems in Africa have proved highly successful ([@bb0135]). Since scientists and healthcare professionals working in rural areas are close to these disadvantaged populations, empowering them to employ BGS tools and techniques for disease-related research would be beneficial in identifying how environmental factors possibly affect health outcomes at the community level. For example, this would help to improve the effectiveness of public health surveillance and the identification of disease risk factors, advancing disease diagnosis and treatment in a timely manner. Moreover, BGS provide the opportunity to further study the usefulness of traditional and herbal medical products in Africa for healthcare purposes, for instance, by screening bioactive compounds for their potential disease-modifying benefits and identifying their molecular mechanisms of action ([@bb0080], [@bb0090]).

Third, training more African agricultural scientists in modern BGS techniques could play a key role in improving food security, leading to sustainable economic growth ([@bb0110]). For example, rural development activities such as eco-tourism can benefit from increased understanding of genetics and genomics; agricultural genomics can be used to integrate RIK and local community practices into biodiversity conservation ([@bb0195]). Moreover, the efficient application of techniques and tools in plant genomics, systems biology and animal agricultural genomics would be beneficial in increasing agricultural yield and food security and reducing post-harvest losses ([@bb0110]). Therefore, the triangulation of bioinformatics, genomics and RIK would serve to harness vital community-based knowledge to promote agriculture and food security ([@bb0110], [@bb0195]). Presently, the focus of BGS capacity-building efforts in Africa seems to have been tilted towards biomedical and health research compared to agriculture and industrial biotechnology ([@bb0035], [@bb0070]). However, the potential benefits of BGS are not limited to biomedical and health research. More research and training support programmes in BGS dedicated to agriculture, industrial biotechnology and related areas (similar to the H3Africa scheme for health research) are therefore needed.

Furthermore, the implementation of BGS technologies has social implications which have not been adequately studied in Africa ([@bb0200]). RIK plays significant roles in shaping the ELSI of genomics and bioinformatics studies ([@bb0190], [@bb0200]). Training scientists in rural areas can help to improve this situation by promoting dialogue with community members using culturally acceptable means, and promoting their informed consent and optimum participation in research ([@bb0190]).

Lastly, African governments, policymakers, educational authorities and funding agencies should improve their support for science research and education, especially those that apply BGS. Although scientific output in Africa has improved over the past decade, there is a concern about the long-term sustainability of this improvement because scientific research in the continent is overly reliant on donor support, since most countries have no local arrangements to fund research work through competitive funding schemes ([@bb0070], [@bb0090], [@bb0185]). With the exception of South Africa that provides public funding for genomics research, most African countries lack this kind of support system ([@bb0160]). This is evident in the fact that most BGS resource centres in Africa are funded by international donor agencies. This makes it difficult for African researchers and governments to control their research agenda, because international funders may dictate research direction ([@bb0140]). African governments need to better appreciate that effective scientific research contributes to economic and social growth ([@bb0085]). Therefore, for Africa\'s quest for accelerated economic, social and industrial growth to become a reality, governments will need to improve their investments in local scientific research ([@bb0065]).

5. Conclusion {#s0025}
=============

Although BGS have been integrated into biomedical and agricultural research in Africa, training and research in these areas need to be strategically expanded to yet-unreached institutions and scientists in order to better propagate the disciplines. Scientific organisations should develop more practical approaches to train and support scientists in such institutions for research in BGS to help improve education, agriculture and healthcare. Governments, educational authorities, policymakers and funding organisations should also do more to support the expansion of BGS initiatives within the continent.
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Academic, commercial and non-profit organisations in Africa that have bioinformatics and genomics resources and expertise.[a](#tf0005){ref-type="table-fn"}

  Institution                                                                                                                                                          Focus                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Website
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------
  African Centre of Excellence in Bioinformatics, University of Sciences, Techniques, and Technology of Bamako, Mali                                                   Providing infrastructure and tools for training, mentorship and research in large-scale bioinformatics and genomics data analysis.                                                                                                                                                                                                                                                                                                                                                              --
  African Centre of Excellence for Genomics of Infectious Diseases, Redeemer\'s University, Nigeria                                                                    To apply genomics and bioinformatics approaches to help improve research into infectious disease pathogenesis, surveillance, clinical care and control.                                                                                                                                                                                                                                                                                                                                         <http://acegid.org>
  African Centre for Gene Technologies, South Africa                                                                                                                   To develop a network of scientists with expertise in biotechnology and *omics* technologies.                                                                                                                                                                                                                                                                                                                                                                                                    <http://www.acgt.co.za>
  African Collaborative Centre for Microbiome and Genomics Research, Institute of Human Virology, Nigeria                                                              To develop a collaborative team of expert scientists who will help to accelerate the search for disease biomarkers that would increase the timeliness and accuracy of cervical cancer research, diagnosis and treatment.                                                                                                                                                                                                                                                                        <http://h3accme.com>
  West African Bioethics, Nigeria                                                                                                                                      The programme is aimed at providing training and research in bioethics (delivered in English and French) to scientists in West Africa. Moreover, West African Bioethics has introduced graduate programmes (MSc, MPhil and PhD) in bioethics in partnership with the University of Ibadan, Nigeria.                                                                                                                                                                                             <http://bioethicscenter.net/web/>
  Institut Pasteur de Côte d\'Ivoire (IPCI), Côte d\'Ivoire                                                                                                            The IPCI has expertise in the use of molecular technologies for studying pathogens of public health importance --- particularly in the areas of diagnosis, genotyping and genomics.                                                                                                                                                                                                                                                                                                             <http://www.pasteur.ci>
  Biosciences Eastern and Central Africa (BECA), International Livestock Research Institute (ILRI), Kenya                                                              BECA is a New Partnership for African Development (NEPAD) initiative that supports the expansion of bioinformatics training and research efforts in East and Central Africa.                                                                                                                                                                                                                                                                                                                    <http://hub.africabiosciences.org>; <http://www.ilri.org/kenya>
  West African Bioinformatics Research Institute, Ilorin, Nigeria                                                                                                      This non-profit organisation is aimed at helping to promote bioinformatics teaching and research in West Africa, through the development of databases and software and the provision of training courses.                                                                                                                                                                                                                                                                                       <http://www.wabri.org>
  African Studies on Population and Health (ASOPAH), Nigeria                                                                                                           This non-profit organisation is an affiliate of the Environmental and Health of Communities of Africans international organisation. ASOPAH\'s research focus includes genetic factors in health and disease.                                                                                                                                                                                                                                                                                    <http://www.asopah.org>
  H3ABioNet nodes (these are centres of excellence in bioinformatics funded under the H3Africa scheme)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Botswana Harvard AIDS Institute Partnership, Botswana                                                                                                                This is a research partnership between the Government of Botswana and Harvard University in the United States to improve research and training efforts aimed at controlling the HIV/AIDS epidemic in Botswana and elsewhere in southern Africa.                                                                                                                                                                                                                                                 <http://aids.harvard.edu/reserch/bhp/>
  Egyptian Center of Bioinformatics and Genomics/Genetics Department, Faculty of Agriculture, Zagazig University, Egypt                                                The Centre focuses on providing bioinformatics and genomics research and education support to members of the Zagazig University community and beyond.                                                                                                                                                                                                                                                                                                                                           <http://english.zu.edu.eg/Index.aspx;><http://www.agri.zu.edu.eg> (in Arabic)
  Kumasi Centre for Collaborative Research in Tropical Medicine/Kwame Nkrumah University of Science and Technology, Ghana                                              This H3Africa node has expertise for research and training in bioinformatics and genomics, with a focus on infectious, non-communicable and neglected tropical diseases.                                                                                                                                                                                                                                                                                                                        <http://kccr-ghana.org>; <https://www.knust.edu.gh>
  Noguchi Memorial Institute for Medical Research, Ghana                                                                                                               This node has expertise in molecular and computational research methods (including quantitative PCR, probe hybridisation techniques, and genome sequencing and data analysis).                                                                                                                                                                                                                                                                                                                  <http://www.noguchimedres.org>
  International Centre of Insect Physiology and Ecology (ICIPE) , Kenya                                                                                                Bioinformatics and genomics research at ICIPE is focused on infectious diseases, anthropods and plant-parasite interactions.                                                                                                                                                                                                                                                                                                                                                                    <http://www.icipe.org>
  International Center of Excellence in Research, University of Sciences, Techniques and Technology of Bamako, USTTB, Mali                                             The Centre has expertise in, and resources for, research and education in malaria, neglected tropical diseases, HIV/AIDS and tuberculosis.                                                                                                                                                                                                                                                                                                                                                      <http://www.usttb.edu.ml>
  Southern Africa Network for Biosciences (SANBio), University of Mauritius, Mauritius                                                                                 SANBio aims to train more scientists in southern Africa in bioinformatics skills through capacity-building courses and efforts to introduce bioinformatics modules into existing university curricula.                                                                                                                                                                                                                                                                                          <http://www.uom.ac.mu>
  Centre de Recherche Medicale et Sanitaire, Niamey (CERMES), Niger                                                                                                    CERMES aims to develop a centre of excellence in bioinformatics to provide support in research and training in public health and other areas in Mali.                                                                                                                                                                                                                                                                                                                                           <http://www.cermes.net/cermes/>
  Covenant University Bioinformatics Research (CUBRe), Nigeria                                                                                                         CUBRe aims to help advance bioinformatics in Nigeria through research and capacity-building activities targeted at supporting academic and corporate organisations to improve biomedical research and drug discovery and development.                                                                                                                                                                                                                                                           <http://cubre.covenantuniversity.edu.ng>
  National Biotechnology Development Agency (NABDA), Nigeria                                                                                                           NABDA seeks to develop national competence in the development and application of bioinformatics tools and techniques to provide biotechnology-driven solutions to biological problems in Nigeria.                                                                                                                                                                                                                                                                                               <http://www.nabda.gov.ng>
  Centre for Proteomic and Genomic Research, South Africa                                                                                                              The bioinformatics focus of this company lies in the application of *omics* technologies to solve biological questions, particularly in the areas of pharmacogenomics and personalised medicine.                                                                                                                                                                                                                                                                                                <http://www.cpgr.org.za>
  Computational Biology Group, Institute for Infectious Disease and Molecular Medicine, Faculty of Heath Sciences, University of Cape Town, South Africa               This research group supports the expansion of bioinformatics activities at the University of Cape Town through the provision of research and training activities.                                                                                                                                                                                                                                                                                                                               <http://www.cbio.uct.ac.za>
  Research Unit in Bioinformatics (RUBi), Department of Biochemistry and Microbiology, Rhodes University, South Africa                                                 The RUBi node specialises in the use and development of bioinformatics tools and techniques for drug discovery and agriculture.                                                                                                                                                                                                                                                                                                                                                                 <https://rubi.ru.ac.za>
  South African National Bioinformatics Institute (SANBI)/Medical Research Council of South Africa Bioinformatics Unit, University of the Western Cape, South Africa   Aside from internal research and training activities, the SANBI node supports the H3ABioNet network in: (i) collecting and analysing data on capacity-building activities within the network; (ii) the development of a harmonised procedure for conducting genome sequencing data analysis; (iii) supporting network members in the collection and storage of clinical information on study participants; and (iv) the development and implementation of bioinformatics training activities.   <http://www.sanbi.ac.za>
  University of Pretoria, South Africa                                                                                                                                 Bioinformatics and genomics expertise here focuses on immunogenomics, plant genomics, malaria and breast cancer.                                                                                                                                                                                                                                                                                                                                                                                <http://www.up.ac.za>
  University of the Free State, South Africa                                                                                                                           This group focuses on the application of molecular and bioinformatics approaches for genomics and proteomics studies.                                                                                                                                                                                                                                                                                                                                                                           <http://www.ufs.ac.za>
  University of the Witwatersrand, South Africa                                                                                                                        This node specialises in bioinformatics teaching, research and service provision in the areas of genome-wide association studies, population structure and computing.                                                                                                                                                                                                                                                                                                                           <http://www.bioinf.wits.ac.za>
  Centre for Bioinformatics, Future University of Sudan/University of Khartoum, Sudan                                                                                  The Centre aims to coordinate the development of bioinformatics capacity-building and research efforts in Sudan.                                                                                                                                                                                                                                                                                                                                                                                <http://www.futureu.edu.sd>; <http://www.uofk.edu>
  Management and Development for Health, Tanzania                                                                                                                      This non-profit organisation focuses on helping to improve public health research and services in Tanzania. Major targets include common diseases such as malaria, infectious diseases, non-communicable diseases and child health.                                                                                                                                                                                                                                                             <http://mdh-tz.org>
  Muhimbili University of Health and Allied Sciences, Tanzania                                                                                                         This node has major interests and expertise in sickle cell disease research and education.                                                                                                                                                                                                                                                                                                                                                                                                      <http://www.muhas.ac.tz>
  University of Dar es Salaam, Tanzania                                                                                                                                To build capacity in the use of crosscutting technologies in bioinformatics for scientific research.                                                                                                                                                                                                                                                                                                                                                                                            <https://www.udsm.ac.tz>
  Uganda Virus Research Institute, Uganda                                                                                                                              Virology research and education, particularly disease aetiology, molecular mechanisms, prevention and control.                                                                                                                                                                                                                                                                                                                                                                                  <http://www.uvri.go.ug>
  Malawi-Liverpool-Wellcome Trust Clinical Research Programme, Malawi                                                                                                  Research and education under this programme is focused on building the capacity of scientists and clinicians in Malawi to address high-burden diseases in the country.                                                                                                                                                                                                                                                                                                                          <http://www.mlw.medcol.mw>
  Centre Regional de Transfusion Sanguine de Rabat, Morocco                                                                                                            This H3ABioNet node supports research and training activities in the application of bioinformatics and genomics to improve hematology services in Morocco.                                                                                                                                                                                                                                                                                                                                      --
  Ecole National des Sciences Appliquees, Abdekmalek Essaadi University, Tangier (ENSA), Morocco                                                                       Bioinformatics and genomics expertise at ENSA includes molecular genetics, transcriptomics, proteomics, and computational database design and data analysis.                                                                                                                                                                                                                                                                                                                                    <http://www.ensat.ac.ma/Portail/>
  Faculte de Medecine et de Pharmacie de Rabat, Universite Mohammed V Souissi (FMPR), Morocco                                                                          The FMPR node combines expertise in genomics, biotechnology and epidemiology. There are plans to establish graduate programmes in biotechnology in the near future.                                                                                                                                                                                                                                                                                                                             <http://www.medramo.ac.ma>
  Faculty of Science, University Mohammed V of Rabat, Morocco                                                                                                          The focus here is on genomics, immunogenetics, and immunoinformatics.                                                                                                                                                                                                                                                                                                                                                                                                                           <http://www.um5a.ac.ma/index.php/en/>
  Institut National d\'Hygiène, Morocco                                                                                                                                Research at this Institute is aimed at deciphering the molecular basis of tropical diseases and also to improve food safety and hygiene practices.                                                                                                                                                                                                                                                                                                                                              --
  Institut National de Recherche Agronomique, Morocco                                                                                                                  To use bioinformatics and genomics approaches in improving agricultural practices and food security.                                                                                                                                                                                                                                                                                                                                                                                            <http://www.inra.org.ma>/
  Institute Pasteur du Maroc, Morocco                                                                                                                                  The aim of this Institute is to conduct research and provide training in public health, particularly in environmental health and food safety.                                                                                                                                                                                                                                                                                                                                                   <http://www.pasteur.ma>
  Institute Pasteur of Tunis, Tunisia                                                                                                                                  This national public health institute is mandated to conduct research and training that are geared towards safeguarding human and animal health.                                                                                                                                                                                                                                                                                                                                                <http://www.pasteur.tn>
  University Mohammed First (UMP)                                                                                                                                      To conduct training and research in bioinformatics and related areas.                                                                                                                                                                                                                                                                                                                                                                                                                           <http://www.ump.ma/?lang=en>

This list is indicative and may not provide a full account of all bioinformatics and genomics centres in Africa. Further details about some of the centres listed here have been previously provided ([@bb0015], [@bb0035], [@bb0040], [@bb0055], [@bb0070]). Concerning H3ABioNet nodes, only those that are based at African institutions have been profiled. Websites accessed 15th July, 2015.
